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® (57) Abstract: A method and apparatus estimate an offset between a carrier frequency of a transmitter and a local reference fre- 
quency of a receiver. A received signal is separated into frequency synchronization signals and data, and a determination is made 
whether the frequency synchronization signals are adequate for estimating the frequency offset. This determination may be made 
based on, e.g., an estimated Doppler spread, an estimated signal to noise ratio, and/or an available amount of frequency offset estima- 
tion time. The frequency offset is estimated based on the determination results. If the frequency synchronization signals are adequate 

Q for estimating the frequency offset, the frequency synchronization signals are used for determining the frequency offset. Otherwise, 
the rate of the frequency synchronization signals is increased, e.g., by using the data as frequency synchronization signals, in which 

^ case the data is combined with die frequency synchronization signals to determine the frequency offset. 
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METHOD AND APPARATUS FOR ESTIMATING A FREQUENCY OFFSET 
BY COMBINING PILOT SYMBOLS AND DATA SYMBOLS 

BACKGROUND 

5 This invention relates generally to a method and system for controlling the 

reference frequency in a radio receiver. More particularly, this invention relates to a 
method and system for estimating a frequency offset between a carrier frequency of a 
transmitter and a local reference frequency of a receiver in a communication system. 
Modern communication systems, such as cellular radiotelephone systems and 
10 satellite radio systems, employ various modes of operation (analog, digital, dual mode, 
etc.) and access techniques such as frequency division multiple access (FDMA), time 
division multiple access (TDMA), code division multiple, access (CDMA), and hybrids of 
these techniques. 

In North America, a digital cellular radiotelephone system using TDMA is called 

15 the Digital Advanced Mobile Phone System (D-AMPS), some of the characteristics of 
which are specified in the TIA/EIA/IS-136 standard published by the 
Telecommunications Industry Association and Electronic Industries Association 
(TIA/EIA). Another digital communication system using direct sequence CDMA is 
specified by the TIA/EIA/IS-95 standard. There are also frequency hopping TDMA and 

20 CDMA communication systems, one of which is specified by the El A SP 3389 standard 
(PCS 1900). The PCS 1900 standard is an implementation of the GSM system, which is 
common outside North America, that has been introduced for personal communication 
services (PCS) systems. 

Several proposals for the next generation of digital cellular communication 

25 systems are currently under discussion in various standards setting organizations, which 
include the International Telecommunications Union (ITU), the European 
Telecommunications Standards Institute (ETSI), and Japan's Association of Radio 
Industries and Businesses (ARIB). 

FIG. 1 illustrates an exemplary communication system. The system includes at 

30 least one transmitter 100 and at least one receiver 150. Although the transmitter 100 and 



iNSDOCIO: <WO 0149000A1J_> 



WO 01/49000 



PCT/EP00/12772 



the receiver 150 are depicted in FIG. 1 as a base station (BS) and a mobile station (MS), 
respectively, it will be appreciated that the transmitter can be implemented in many ways, 
e.g., as a terrestrial or satellite repeater, and the receiver can be implemented in many 
ways, e.g., as a fixed cellular terminal (wireless local loop). A BS and a MS are depicted 
5 in FIG. 1 and described in the following for illustrative purposes only. 

The BS 100 and the MS 150 communicate via a radio air interface 125. Each 
neighboring BS 100 is assigned a particular carrier frequency, and each BS 100 allocates 
specific time slots for each MS 150. 

In systems such as the proposed IMT2000 system for the next generation mobile 

1 0 telephony which is based on DS-CDMA, data may be transmitted as symbols in a control 
channel. The downlink data from the BS is segmented into superframes, each having a 
duration of 720 ms. Each superframe is divided into 72 frames, a frame having a duration 
of 10 ms. Each frame is divided into 15 slots, and each slot divided into 2560 chips. 
Depending on the communication channel, 2560 chips are grouped into a number of 

15 symbols. For example, in the Broad Cast Control Channel (BCCH) there are 10 symbols 
of 256 chips each. A certain number of these symbols are already known and transmitted 
as pilot symbols from the BS to MSs. FIG. 2 shows the segmentation of the data in the 
Broad Cast Channel (BCCH). 

To communicate with a BS 100, a MS 150 must be time and frequency 

20 synchronized to the BS 100. In other words, the local frequency reference and time 

reference of the MS 150 must be synchronized with the carrier frequency assigned to the 
BS 100 and the time slot(s) allocated by the BS, respectively. In a CDMA system, the 
MS 150 must be synchronized with the BS's carrier frequency and the code words 
transmitted. 

25 To synchronize the MS 150, the BS 100 transmits a frequency synchronization 

signal, e.g., pilot symbols or pilot groups. The MS 150 receives and demodulates the 
transmitted frequency synchronization signal in any suitable manner. 

In cellular systems, a frequency offset or deviation may exist between the 
transmitter carrier frequency and the local oscillator of the receiver. The frequency offset 



<WO 0149000A1J_> 



WO 01/49000 PCT/EPOO/12772 



results from different factors, including temperature variation, aging, and manufacturing 
tolerances. To address this offset, a phase ramp can be estimated and compensated for in 
an Automatic Frequency Control (AFC) control loop. Estimation can be based on the 
received frequency synchronization signal, e.g., pilot symbols or pilot groups. The 
5 frequency offset can be estimated by studying the phases of the pilot symbols in 

consecutive slots. This is described, e.g., in commonly assigned U.S. Application No. 
08/971,666, filed November 17, 1997, and herein incorporated by references 

In the mobile radio channel, multi-path is created by reflection of the transmitted 
signal from obstacles in the environment, e.g., buildings, trees, cars, etc. In general, the 

10 mobile radio channel is a time varying multi-path channel due to the relative motion of 
the structures that create the multi-path. 

A characteristic of the multi-path channel is that each path through the channel 
may have a different phase. For example, if an ideal impulse is transmitted over a multi- 
path channel, each pulse of the received stream of pulses generally has a different phase 

1 5 from the other received pulses. This can result in signal fading. 

The phases of pilot symbols include the frequency offset between the MS and the 
BS plus the Doppler spread. Typically, the channel is modeled as discrete rays. In a 
Rayleigh fading radio channel, the frequencies of the path-rays are distributed in a 
frequency zone of twice the Doppler spread around the frequency offset or deviation 

20 between the transmitter carrier frequency and the receiver local reference frequency. This 
is shown in FIG. 3 which illustrates a distribution of frequencies in a zone^fr -/do PP and 
f oft +/ Dopp including the Doppler spread / Dopp around a frequency offset / off . 

A large Doppler spread may complicate estimation of the frequency offset. For 
example, the quantity of the Doppler spread in combination with the frequency offset can 

25 exceed the rate of receipt of the pilot symbols. Hence, the frequency offset cannot 

reliably be estimated based on consecutive pilot symbols or pilot groups. Even if the 
total frequency offset is slightly less than the pilot receipt rate, it has been observed that 
the quality of the estimate is not satisfactory. To prevent aliasing, the rate of receipt 
should ideally be at least twice the frequency offset. 
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Estimation of the frequency offset in time limited applications, such as idle MS 
mode when the MS has a short time to estimate the frequency offset, can also be a 
problem. In this time-limited scenario, the frequencies of the received path-rays may not 
be distributed around the frequency offset as in FIG. 3. They may be distributed as in 
5 FIG. 4 in which the dotted curve shows the frequency zone of the received path-rays in 
the limited time. This will result in a biased frequency offset estimate indicated in FIG. 4 
by the denotation "A". 

A further concern is a low Signal-to-Noise Ratio (SNR), which affects the 
detected phases of the pilot symbols and thereby affects the estimated frequency offset. 
10 Whether due to the Doppler spread, limited frequency offset estimation time, low 

SNR, or some other factor the received pilot symbols may not be adequate for 
determining the frequency offset. There is thus a need for a technique for reliably 
estimating the frequency offset in situations where the pilot symbols are not adequate. 

15 SUMMARY 

It is therefore an object of the present invention to provide a technique for 
synchronizing a remote station to a communication network even where the 
synchronization signals from the communication network are not adequate. 

According to exemplary embodiments, this and other objects are met by a method 

20 and apparatus for estimating an offset between a carrier frequency of a transmitter and a 
local reference frequency of a receiver. A received signal is separated into frequency 
synchronization signals and data, and a determination is made whether the frequency 
synchronization signals are adequate for estimating the frequency offset. This 
determination may be made based on, e.g., an estimated Doppler spread, 

25 an estimated signal to noise ratio, and/or an available amount of frequency offset 

estimation time. The frequency offset is estimated based on the determination results. If 
the frequency synchronization signals are adequate for estimating the frequency offset, 
the frequency synchronization signals are used for determining the frequency offset. 
Otherwise, the rate of the frequency synchronization signals is increased, e.g., by using 
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the received data as frequency synchronization signals, in which case the data is 
combined with the frequency synchronization signals to determine the frequency offset. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The features, objects, and advantages of this invention will become apparent by 

reading this description in conjunction with the accompanying drawings, in which like 
reference numerals refer to like elements and in which: 

FIG. 1 is a block diagram of an exemplary cellular radiotelephone communication 

system; 

10 FIG. 2 illustrates a superframe structure in the BCCH in a W-CDMA system; 

FIG. 3 illustrates a spectrum of a Rayleigh fading radio channel; 
FIG. 4 illustrates a frequency zone of the received path-rays in limited time; 
FIG. 5 illustrates an exemplary apparatus for estimating a frequency offset; and 
FIG. 6 illustrates an exemplary method for estimating a frequency offset. 

15 

DETAILED DESCRIPTION 

For illustrative purposes, the following description is directed to a cellular radio 
communication system, but it will be understood that this invention is not so limited and 
applies to other types of communication systems. 

20 For synchronous communication between a transmitter, e.g., a BS, and a receiver 

e.g., an MS, a frequency offset between the carrier frequency of the transmitter and the 
local reference frequency of the receiver must be estimated and taken into account. The 
statistical properties of the frequency offset estimate deteriorate when the Doppler spread 
increases, the estimate must be computed in a limited time, and/or the SNR is low. In 

25 situations such as these, the pilot symbols might not be adequate for determining the 
frequency offset. 

According to exemplary embodiments, such problems are solved by increasing 
the rate of the pilot symbols or pilot groups. If the MS has no further access to the pilot 
symbols than those transmitted by the BS, according to an exemplary embodiment, this 
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object can be achieved by interpreting the data symbols received from the BS as pilot 
symbols. The phases of the pilot symbols and the data symbols may be combined to 
estimate the frequency offset. Of course, the received data is not a priori known and must 
first be estimated. Hence, estimation errors may arise that result in a deteriorated 
5 estimated frequency offset. Employing data symbols as pilot symbols should be therefore 
avoided if it is not needed. 

FIG. 5 illustrates an apparatus for estimating a frequency offset according to an 
exemplary embodiment. The apparatus includes a Pilot Separator 500, a Data Separator 
510, an Estimator 520 for estimating parameters such as a Doppler spread, SNR, and 

10 available time for frequency offset estimation, a Frequency Offset Estimator 530, and a 
Controller 540. The locations of the pilot symbols being known, the Pilot Separator 500 
separates the known pilot symbols from the received signal and outputs the pilot symbols 
to the Frequency Offset Estimator 530. The Data Separator 510 separates the data 
symbols from the received signal and outputs the data symbols to the Controller 540. 

15 The Controller 540 determines whether to use the data symbols as pilot symbols by 

analyzing, e.g., the estimated Doppler spread, the estimated SNR, and/or the estimated 
amount of available frequency offset estimation time as output by the Estimator 520. 

The Doppler spread and SNR can be determined using, e.g., pilot symbols, data 
symbols, or a combination of these. For example, the Doppler spread can be determined 

20 based on analyzing the variation of the radio channel by using the received pilot and/or 
data symbols in a conventional manner. The SNR can be estimated by estimating signals 
and noise power in the received pilot and/or data symbols in a known manner. The 
estimation time is known. The Controller 540 can also pre-judge the reliability of the 
data symbols and provide weights in order to use the phases of the data symbols as the 

25 pilot phases, depending on the data symbol reliability. For example, the pilot symbols 
can be weighted by a first predetermined weight, and the data symbols can be weighted 
by a second predetermined weight, The pre-judgment can be based on, e.g., the estimated 
SNR. For example, for a low SNR, the first predetermined weight is larger than the 
second predetermined weight. Otherwise, the weights can be set to an equal amount. 
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The Controller 540 decides whether to use data symbols as the pilot symbols to 
increase the pilot rate based on the estimated parameters. For example, if the Doppler 
spread is large, e.g., at high velocities, the SNR is low, and/or the estimation time is low, 
the Controller 540 decides to use both pilot and data symbols. The Controller 540 
5 controls the Frequency Offset Estimator 530 to use pilot symbols and, if necessary, data 
symbols, to estimate the frequency offset. If both the pilot symbols and the data symbols 
are to be used, the phases of these symbols are combined in . the Frequency Offset 
Estimator 530 according to the weights provided by the Controller 540. For example, the 
phases can be combined in the order pilot, data, pilot, data ... . The elements shown in 

10 FIG. 5 can be implemented in, e.g., a receiver such as the receiver 120 shown in FIG. 1 . 

FIG. 6 illustrates a method for estimating a frequency offset according to an 
exemplary embodiment. The method begins at step 600 at which the pilot symbols are 
separated from the received signal. At step 610, the data symbols are separated. It will 
be appreciated that these steps can be performed in any order or at the same time. At step 

1 5 620, a determination is made whether the pilot symbols are adequate for estimating the 
frequency offset. This determination can be made based, e.g., on the estimated Doppler 
spread, SNR, time available for frequency offset estimation, etc. If the pilot symbols are 
determined to be adequate, the offset is estimated at step 630 using the pilot symbols. 
Otherwise, the pilot symbols and data symbols are combined at step 640, and the 

20 frequency offset is estimated using the pilot symbols and the data symbols. 

According to exemplary embodiments, a frequency offset between a carrier 
frequency of a transmitter and a local reference frequency of a receiver can be estimated 
using pilot symbols, even where the pilot symbols are not adequate. The pilot symbols 
and the estimated data symbols may be combined to decrease the uncertainties of the 

25 estimated frequency offset between the local reference frequency crystal and the carrier 
frequency. 

One skilled in the art will appreciate that this invention can be embodied in other 
specific forms without departing from its essential character. The embodiments described 
above should therefore be considered in all respects to be illustrative and not restrictive. 
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For example, although described above with reference to a CDMA communication 
system, the invention is also applicable in other types of communication systems. 
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WHAT IS CLAIMED IS: 

1 . A method for estimating a frequency offset between a carrier frequency of 
a transmitter and a local reference frequency of a receiver, the method comprising the 

5 steps of: 

separating a received signal into frequency synchronization signals and 

data; 

determining whether the frequency synchronization signals are adequate 
for estimating the frequency offset; and 
1 o estimating the frequency offset based on the determination results. 

2. The method of claim 1 , wherein if the frequency synchronization signals 
are determined to be adequate for estimating the frequency offset, the frequency 
synchronization signals are used for estimating the frequency offset. 

15 

3. The method of claim 1, wherein if the frequency synchronization signals 
are determined not to be adequate for estimating the frequency offset, the rate of the 
frequency synchronization signals is increased. 

20 4. The method of claim 3, wherein the rate is increased by using the 

data as frequency synchronization signals. 

5. The method of claim 4, further comprising combining the data with the 
frequency synchronization signals to estimate the frequency offset. 

25 

6. The method of claim 1, wherein the step of determining is based on an 
estimated Doppler spread. 

7. The method of claim 1, wherein the step of determining is based on an 
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estimated signal to noise ratio. 

8. The method of claim 1, wherein the step of determining is based on an 
available amount of frequency offset estimation time. 

5 

9. The method of claim 1, wherein the frequency synchronization signals are 
pilot symbols. 

10. The method of claim 1, wherein the transmitter is. a base station, and the 
1 0 receiver is a remote station. 

11. An apparatus for estimating a frequency offset between a carrier frequency 
of a transmitter and a local reference frequency of a receiver, the apparatus comprising: 

a separator for separating a received signal into frequency synchronization 
15 signals and data; 

a controller for determining whether frequency synchronization signals are 
adequate for estimating the frequency offset; and 

a frequency offset estimator for estimating the frequency offset based on 
the determination by the controller. 

20 

12. The apparatus of claim 1 1, wherein if the frequency synchronization 
signals are determined to be adequate for estimating the frequency offset, the frequency 
synchronization signals are used for determining the frequency offset. 

25 13. The apparatus of claim 1 1 , wherein if the frequency synchronization 

signals are determined not to be adequate for estimating the frequency offset, the rate of 
the frequency synchronization signals is increased. 

14. The apparatus of claim 1 3, wherein the rate is increased by using the 
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data as frequency synchronization signals. 

15. The apparatus of claim 14, further comprising a combiner for combining 
the data with the frequency synchronization signals to estimate the frequency offset. 

5 

16. The apparatus of claim 1 1 , wherein the controller determines whether the 
frequency synchronization signals are adequate based on an estimated Doppler spread. 

1 7. The apparatus of claim 1 1 , wherein the controller determines whether the 
10 frequency synchronization signals are adequate based on an estimated signal to noise 

ratio. 

18. The apparatus of claim 11, wherein the controller determines whether the 
frequency synchronization signals are adequate based on an available amount of 

15 frequency offset estimation time. 

1 9. The apparatus of claim 11, wherein the frequency synchronization signals 
are pilot symbols. 

20 20. The apparatus of claim 11, wherein the transmitter is a base station, and 

the receiver is a remote station. 



1NSDOCID: <WO 0149000A1_I_> 



WO 01/49000 



PCT/EP00/12772 



1/5 




BNSDOCID: <WO 0149000A1J_> 



WO 01/49000 



PCT/EP00/12772 



3/5 



FIG. 3 




FIG. 4 




BNSDOCID: <WO 0149000A1_I_> 



WO 01/49000 



PCT/EP00/12772 



4/5 



500 



Pilots 
Separation 



530 



1 



Freq. Offset 
Estimator 



510 





Data 
Separation 













520 



Estimator for 
Dopp. Spread 
SNR, Time, 
and etc. 



540 



Control 



FIG. 5 



0149000A 1J_> 



WO 01/49000 



PCT/EP00/12772 



5/5 



600 



610 



Separate Pilots 



Separate Data 



620 



630 



Pilots 
Adequate for 
Determining 
Offset 
? 

Iyes 



Estimate Offset 
Using Pilots 



640 

1 



NO 


Combine Pilots 
and Data 












Estimate Offset 


650 


Using Pilots 




and Data 



FIG. 6 



_0149000A1J_> 



INTERNATIONAL SEARCH REPORT 



Intern .al AppllcaUon No 

PCT/EP 00/12772 



^rr^w»^ , nioJL27/227 



According to Inlernational Patent Classif ication (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system tollowed by classification symbols) 

IPC 7 H04L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search lerms used) 

EPO-Internal , WPI Data, PAJ, INSPEC, COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation ot document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 151 925 A (6ELIN BENOIT ET AL) 
29 September 1992 (1992-09-29) 



1-6, 

9-16,19, 
20 



abstract 
column 2, 
column 
column 
column 
column 



line 58 -column 3, 
3, line 44 - line 57 
6, line 17 - line 31 

10, line 47 - line 53 

11, line 28 - line 56 



line 22 



W0 98 54875 A (KATSUM0T0 HIROSHI ;KENWO0D 
CORP (JP)) 3 December 1998 (1998-12-03) 
abstract; figure 1 
page 5, line 5 - line 7 
line 2 - line 25 
line 11 - line 19 
line 12 - line 20 



I- 5, 

II- 15 



page 
page 
page 



3, 
8, 
7, 



-/-- 



LU 



Further documents are listed in the continuation of box C 



ID 



Patent family members are listed in annex. 



0 Special categories ot cited documents : 

'A* document defining the general state of the art which is not 

considered to be ot particular relevance 
•E' earlier document but published on or after the international 

filing date 

•L* document which may throw doubts on priority ctaim(s) or 
which is cited to establish the publication date ot another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



•T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

■Y" document ol particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

■&* document member of the same patent lamily 



Date ol the actual completion ol the international search 



25 April 2001 



Dale ol mailing ol the international search report 



03/05/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Papantoniou, A 



Form PCT/1SA/210 (second shoe!) (July 1902) 



page 1 of 2 



1NSDOCID: <WO 0149000A1_I_> 



INTERNATIONAL SEARCH REPORT 



Intern ,al Application No 

PCT/EP 00/12772 



C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



Citation ot document, with indication. where appropriate, of the relevant passages 



Relevani to claim No. 



US 6 002 710 A (TALL0 KEN M ET AL) 
14 December 1999 (1999-12-14) 

abstract 

column 4, line 15 - line 34 
column 4, line 48 - line 59 
column 5, line 4 - line 6 
column 17, line 56 - line 67 
column 18, line 9 - line 36 

EP 0 858 197 A (TOKYO SHIBAURA ELECTRIC 
CO) 12 August 1998 (1998-08-12) 
abstract 

column 2, 1 ine 38 - 1 ine 45 
column 8, line 15 - line 19 
column 8, line 24 - line 39 

US 4 527 278 A (VAN UFFELEN JEAN-PIERRE H 
ET AL) 2 July 1985 (1985-07-02) 

abstract 

column 2, 1 ine 25 - 1 ine 47 
column 10, line 16 - line 36 
column 11, line 30 - line 37 
column 21, line 5 - line 12 



1-3, 

9-13,19, 
20 



1,7,11, 
17 



I- 3,8,9, 

II- 13, 
18,19 



Form PCT/ISA/210 (conttnu*ion of second sheet) (July 1992) 



page 2 of 2 



BNSDOCID: <WO 0149000A1J_> 



INTERNATIONAL SEARCH REPORT 

...lormatton on patent family members 



Interr. lal Application No 

PCT/EP 00/12772 



Patent document 
cited in search report 



Publication 
date 



US 5151925 



29-09-1992 



WO 9854875 A 



03-12-1998 



US 6002710 A 



14-12-1999 



EP 0858197 A 



12-08-1998 



US 4527278 A 



02-07-1985 



Patent tamily 
member(s) 



Publication 
date 



FR 


2633471 A 


a a ha *t a a A 

29-12-1989 


CA 


1308450 A 


06-10-1992 


DE 


68916115 D 


21-07-1994 


DE 


68916115 T 


r\ r\ a A 1 ^\ A I* 

02-02-1995 


EP 


0349064 A 


03-01-1990 


JP 


2046044 A 


15-02-1990 


JP 


3031922 B 


10-04-2000 


JP 


10336138 A 


18-12-1998 


AU 


7235998 A 


30-12-1998 


BR 


9809165 A 


01-08-2000 


CN 


1257629 T 


« -« a^ a a a a 

21-06-2000 


EP 


0985304 A 


-» f— AA AAAA 

15-03-2000 




US 


— — — 

5940435 A 


17-08-1999 


US 


6002709 A 


14-12-1999 


wo 


9823036 A 


28-05-1998 


wo 


9823042 A 


AA A f*" 1 A A A 

28-05-1998 


wo 


9823069 A 


28-05-1998 


wo 


9823070 A 


28-05-1998 


wo 


9823071 A 


aa a r~ i f\r\Q 

28-05-1998 


us 


6018556 A 


r\r AH AAAA 

25-01-2000 


US 


6072842 A 


06-06-2000 


us 


5966416 A 


12-10-1999 


us 


6097768 A 


AH AA A A A A 

01-08-2000 


us 


5974584 A 


26-10-1999 


us 


6055281 A 


r* A A AAAA 

25-04-2000 


JP 


10224420 A 


« i AA t A A A 

21-08-1998 


CA 


2228564 A 


«% ^ n A HA A A 

05-08-1998 


us 


6081563 A 


n — r /-* /~ AAAA 

27-06-2000 


FR 




2525055 A 


14-10-1983 


AU 


556701 B 


1 j— li— iyoo 


AU 


1317383 A 


13-10-1983 


CA 


1211794 A 


23-09-1986 


DE 


3361666 D 


13-02-1986 


EP 


0091167 A 


12-10-1983 


JP 


1908923 C 


24-02-1995 


JP 


6038611 B 


18-05-1994 


JP 


58187046 A 


01-11-1983 


NO 


831221 A 


10-10-1983 



Form PCT/ISA/210 (patent tamj* annex > (July 1992) 
1NSDOCID: <WO 0149000A 1J_> 




THIS PAQI ILANK (uspfo) 



